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4. IXTRODUCTION

I. sszti-zicmi’-e& which éi'éféo‘rrnpnsed of helicalj'y arranged gicbular protein sub-
ur\xité;‘ are widely distriuted ameng animsls, plants, hacteris, snd viruses.
Th;ir a}sal,vses ané i;econstitution outside the cell is in many cases successful
thiéi;gip appropriate alterations of the iwhysicochem.cai environment {for examples,
see Szen‘t.-Gyorgyi, 1951; ‘Auéle;y and Cockbain, 1966; Abram and Koffler, 1963;
_Poglasov, Borhsenius, and Belavtsevs, 1965). In the case of the tobacco mosaic

virus, the eritire virus particle constitutes such a structure whose acrcurate or

appraximate structure can be deduced from studies cn alkali-digested virus
(Schramm, 1§h7) s nuclaic scid-free sheath protein zione (Takshashi and Ishii,

- 1952), qr\shaeﬂ.h protein together with intact RNA (Fraenkel-Conrat and Williams,
1955). The disaggregation and re3ggregation studies have shown that the protein
ultrastructures are not neld together by covalent bonds and that the properties
of the subunits éetermine their geametric arrapgement. The capacity of the
subunits to form ordered aggregates can be destroyed like the catalytic activity
of enzymes by forcez which de not involve covslent binding (densturation - for

. definition, see Joly, 1965). In the case of the tobacco mosaic virus, through

studies on the renaturation of phenol- and urea-denaturated sheath proteins,
it nezs been corcluded that the amino scid sequence alone probably determines

;
i
!
!
i

the folding of the subunits and consequently the morphological structure of
the virus particles (Ardercr, 1959). The sheath protein of TMV is both structu=
rally and protein~cherdcally the best studied structural protein (for structural

PR,

Abtreviations used: TMV = tobacco mosaic virus; is = temperature-sensitive;
tr = temperature resistant; def = defect; SP = sheath protein; RiA = ribomucleic

L s TR S L T Vs P s s

. 38cid; RNsse = ribonucleise; EDTA = ethylensdismintetraacetic acid.
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studies, see Anderer, 1963, and physicochemical studies, see Caspar, 1963).

Through studies on the genetic code, mutants ;é;’e une or sexlreral known amino
acid substitutions are available (Wittmann, 1962, 196L; Tsugita and Frankel- ;
Conrat, 1562). Threugh physiological studies (Jockusch, 1966a), it has been
shown that many of Wittmann's nitrite-mutants and several spontaneous mutants
of TMV (Melchers, 1942 and unpublished) are temperature-sensitive ( ts): in
comparison to the wild types and temperature-resistant (2} mutants, they

produce considerably less extractable, infectious virus particles at 30-32°C

than at 239C (Jockusch, 196k). Kassanis {1957) has made similar observations
in the case of tomato mosaié virus, which is a natural variant of TMV. It was ' :
possible for him to show-that high temperat.ures. did not have any effect on either
the primary events of infection or the finished virus particles; he was not able,

however, to present &n explanation for this temperature susceptibility.

P ot

IT. The appezrance of temperature sensitivity through a single mutation was

first shown in Neurospora {Mitchell and Houlahan, 1946). An experimental

explanation for the mechanism was presented.by Maas and Davis (1952) for s teme

perature-sensitive, auwxotroyhic mutant of Escherichia coli. In this case s the

pantothenate synthetase of the mutant, which required pantothenic acid at high

temperature, was essentially more thermal-lsblile in crude extracts than was the * ‘

.asyme fram the wild type. In the case of structural proteins, mutations leading
to temperature sensitivity were first demonstrated by Edgar and co-workers in
the T) bacteriophage system using genetic methods (Epstein et al., 1963; Edgar
and Lielausis, 196i). Using the Polio virus, Cooper (1962) demonstrated a
correlation between the temperature optimum for intracellular virus replicaticn
and urea=-resistance of the virus particles. Since these strains have been

obtaired by selection at different temperatures, then a compatible alteraticn
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of the stability of several virus-specific products csmuict de excludedl. A
correlation of in vivo and in vitre beliavior, similer to the findings of
Maae and Davis, was first clearly shown for a structural protein using the

sheath protein of TMV mutants. This has already been reported on {Jockusch,
196k, 1966b). '

III. By means of the studies described in this and the subsequent paper, it
has been shown that the ts behavior of the pred;minant majority (class T) of the
ts mutants of ™MV (only) is based upon amino acid substitutions in the sheath
proteins, and that the in vivo behavior can be explained by experimental studies
in vitro, and that the influence of come externsl conditions and mown amino

acid substitutions on the sherral stability of TMV sheath rrotein canvdedidemon~

. strated,

B. MATERTAL AND METHODS

J. Sourecs of Biological Materials

l. The host plants employed and the virus strains are presented in Tables 1
and 2 along with information as to the source.

2. Isolation of New Temperature Matants

Nitrovs acid was employed as the mutsgen (Mundry and Gierer, 1958},
Directions for its employment are given bty Wittmann (1962). Strain Alk served

as the parent strain. In the case of the Series 22.... and Ki23.c..., lesions,

1, specific correlation between in vivo temperature sensitivity and lability

of virus particles was demonctrated nevetheless in the case of the Sindbis

-virus (Burge and Pfefferkorn, Virology, 30, 1966).
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TAELE 1

Host Plants

A

SRS

Nome

.

Faily

Source ) -

Nicotisna tabacuin vare Samsunr

T Tsystemi< host)

Nicotiana tabe:um var. Yanthi
(Tocal Yesior host)

Plantago major

Lunaria annuza

Amaranthus paniculatus

(var. "Dwarf torch"

Solanaceae

Solsnacrae

a

Plantaginaceae

Cruciferae

Anaranthacese

kd

see Melchers et al.,
1966

Takahashi, 1956.

grown in Tubingen

purchase in Tubingen
purchased in Tubingen

TAELE 2

. Virus Strains

e

T T

reumer

Designation Parent Strain

Mutageh

1soiation

Vulgare - Nic, virus I¥* -
T——r—

IiiiOB - 120 vulgare

N{1688 - 2066%¥ wilg

e vulgare
CP L1S vulgare
m 2 vulgare
£l.avun vulgare

necars ) flarum

reflavescens necsns

A=1h yuigare

- NikS8 - 2196 : Al

N0,
HNC2

F-uracil

HNCp

-t

HNG,

& Ni220k - 2519 A 1k HNC,
] Table contimied on next page

PR TR Trener

Johnson, 1926

KL

Witimann, 1962

Y

Ly "

Wittmenn, 196k

Wittmonn, 196k

V. Sengbusch, 1965

R T

Siegel et al. 1962

R TG

e

Melchers, 1942

Mundry, 1957

Melchers, unpnbl;

+ M

Mow

Melchers, urpuble

Wittmann, 1962
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Table 2, Contd,

Designation Parent Strain

tager " Isolation
gshlemense - | - Melchers, 1940, 19L2
U 2 (nild) e T . Wildman et al. 1951
Holmes! Rib grass . -
(HRG) R -

Holmes, 19k1

# Found in 1937 by Stanley T )
» In Jockusch, 196l and Wittmann-Liehold et dl. 1965, mistakenly descrited us
derived from A 1L, ‘ o )

Text; continued frm Poge 7

wnick were produced oa Xa:uthi tobzcco after ribious acid trestment, were each
inoculat>d onto Saasun leavss, Parailel Yulves of these leaves were incubated
in a climate chamber at 23°C and 32°C in mitrient solutions. The vires cone

centratiors produced on the leaf Balves were then determined in a comparative

marnher Ann Xanthi tobacce by the local lesiq; method. By means of this test,
mutants were selected which showed significant deviations from the parent strain
A 1li. They were further tested as described in Section C.I.

In the case of series Ni25,.., these were specially selected from mutants,
which themselves did not displsy tissue infectivity at high temperstures.
Like the test employed by Edgar and Lielausis (1968) for Tj coli phage and son-
gidering the fact that the hypersensitive tested used as an indicator on

Xanthi tobacco is in itsal? femperaturs-sensitive, the matant mirxture was

. cammonly first inoculated snto the xanthi tobacco at high dilutions. Tre plants

-were then held for ore day at 23°C, followed by 2 days at 32°C, and then two

additional duys at 239C for *development®™ of the necrosss, Those lesions were
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. celected whose edges were not clearly dispersed as is the case with ir and ts-I

strains grown at 329 ("inflammed spot necrosis"). In contrast to the plague

technique for rhege, during this process, a selection was made against those
| . mutants whose temperature sensitivity involves the maturation of the virus
. } particles, since complete virus particles are not necessary for the diffusion

from cell to cell in the lesf tissue (Siegel, Zaitlin, and Sehgal, 1962)s The

wppins

isolation of the mutants was carried out Jointly with Dr. H.G. Wittmarm (Mex
Flanck Institute for Molecular:Genetics). )

3. Recovery and Purification of Virus

The method employsd here is described in the papers by Wittmann (1962 and

-196€k). TFor tre removal of plant proteins s a8 Frigen 113 (Hoechs‘t.)2 was employed.

A d
-
.
om0 SRS e

A few preparaticns were recovered by the polyethylene glycol method (Leberman,

P T T ITL0 R A e R i O

in press). In all cases, with exception of the recovery of the mutant Ni220L, -

arheat precipitation of the plant proteins for 10 minutes at 40°C was carried

& iRl

oe.

: ': out. This is no indifation that this method of removal of the plant proteins .

; .5 " has any effect on the protein-chemical properties of the purified virus pre- -
. o _ parztions {see V. Sengbusch, 1965). ) ~
f‘

: IT. Sera :
'* 3 Antiserum against TMV-vulgare was prepared using Freund's adjuvant as 'é‘

. 3 described by V. Sengbusch (1965). For titering, diluted samples were tested :

against the antigen and the formation of a visable precipitate checked for.

III. Climate Chamber £

The climate chamber employed was described by Murdry (1957). The tempera- ; 1‘
 tures given were air temperatures whose possibie variation was about + 0.5°, | 5
2 =

The firm Farbserke Hoechst is thanked for the donated Frigen (translstorts note:

the word "Frigen" appears to be some sort of a %¢rade name. It cannot be translae

ted into English).
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‘Under the test conditions employed, the deviaticn of the true leaf temperature
from the air tempersture should be € 0,59C (Mundry, 1957)s The chamber was

continually illuidnstdd with light of about 5,000 Lux intensity (Osram fluores-
ceat lamps HNG 200}3‘

IV, Test Methods

1, Test for Stable Infectivity

Where not otherwise noted, this wa:s ssrried out as follows: from each of
the infected leaves to be tested were stamped out five discz (diaméter 13 mm,
wéight ca. 30 mg each) which were then homogenized in 2 mortar with 0.25 ml
of ¥/15 phosphate buffer, pE 7.0 0.5 ml of the homogenates were diluted with

- LoS ml of phosphate buffer, allowed to stand for approximately one hour at room
temperature, and then frozen at -1o°cf 1 ml of test solution contains sbout

6 mg of leaf material (wet weight). For the test, the samples were thawed and
the denatured plant protein was centrifuged out.' The supernatant was applied
%o Xanthi tobacco with a glass rod using the half leaf method (for example,
329C sample against a 239C sample)s The test plants were incubated in the

kreen house.

2, Test for Virus Propsgation in Tisiues. ‘

Generslly, the primary symptoms on Samsun tobacco {chlorosis) were so
clear &t high temmeratures that a special test for propagation of infectious-
rness was not required. In doubtful cases, an alternative t=st procedure on
Xanthi tobacco was employed. The primary necrotic lesion on tobacco is in
itself quite severe at higl temperatures (Sammel, 1931)¢ It can be “developed®

.3 The Osran firm ic thanked for the fluorescent lamps which were donsted.
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however, ia about one day.through reverse propagation at low temperatures.
Accordingly, the TMV strain to be tested was inoculated onto the Xanthi
plant, which, after 1 hour 2t room temperature, was held for the first two
days at 320C and then for one day at 20 -25°C. As the infectious agent
diffuses through the tissue, lax*?z necrotic lesions {diameter L-8 mm) are

formed, whereas at lower temperatures, the controls did not give these

typical necrotic lesions.

3¢ Electron Microscopic Examiration for Virus Particles.

For this; leaf extracts prepared by low speed centrifugation were subjected
to agar filtration (Kellenberger and Arber, 1959). The preparations were sha-

dowed at an angle of 20° with platinum-palladitm and examined under an Elmscope I
(Siemans). (The electron microscopic examinations were carried out by Dr. He
Frank, Max Planck Institute for Virus Research).

k. Test for Labile RNA

The buffers of Sarkar (1965) were employed. In these the TMV-RNA in leaf

_extracts could be protected against RNase a‘i:tivity without the IMV virus pa:jti-

cles being decomposed. Both RNase-sersitive and RNase-resistant infectious

agents were differentiated in similar ways as described by Sarkar {1965). The

buffers employed were: WNP" = 0.1 M phosphate, 0.8 M NaCl, pH 7.5, and "TP® =
0.01 Tris, 0.05 M Ne,HFO), HC1, pH 8.8,

S. Gel Electrophoresis of Proteins.

For the detection of TMV sheath protein polypeptide chains in plant ex-
. tracts, electropheretic separations were carried out in polyacrylamide gels
using concentrated urea solutions (B:uesherg and Rueckert, 1955}, since in this
" case the original native state of the proteins dees not play a role.
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%he apparstus developed by Tichy (1966) for the simultanecus electro~
phoresis of multiple samples was employed. The gel in Aronsson-Gronvall
patter [Aronsson-ard Gronvall, 1957) contained: 10 % cyanogen U1 (Serva},

0.6 % disminopropicritrile, 0.06 % ammonium peroxydisulfite. The polymeri-
zation was carried out at room temperature and tock only 2 few mimutes,

Durirg *he run, thd temperature was helic at about 10°C by water cocling. The.
voltsges was 200 ¥ and tha current wss between 48 mA and 30 ma, The length

of the rwi was 15 hours.
C. RESULTS

I. Temperature Behavior in Tobacco Tissues

’ i‘hg temperature behsvior in tobacco of 26 mutants and four wllé strains is

- ziven in Table 3, columns 3<7. The quotient Q denotes the ratis of the infecti-;
vity at 32° to that at 239, Strains having a Q ratio of £ 0.5 are described -
as temperature-sensitive (;t_;_s_). Strains which had a virus concentration atk 239

' cmz?araﬁla, to that of vulgare and which had a Q value of > 0.5, were classified
as temperature-resistant (tr). Strains which produced far less virus particles

) t‘han vulgare at 239C were described as defective (g_g_{). The results for three
independent studies carried out under different conditions are presented. The
Q values are regarded as approximate vélues. The classification of several
mutants as semi-sensitike baved on the results of Stvdy I (Jockusch, 19&4)
was discarded. The sclutions tested in Study I wer: five times more concentrated
(c&. 30 mg/ml leaf raterial, wet weight} than those used in the other studies
(23. 6 mg/xl leaf material, wet weightj. Because of this, the Q values oftearn
turned out to be too high since the tests were not carried out 4in the linear

. gegion of the standard curve of number of leslons sgainst virts concentration.
‘By means of these Q walies, however, (a) ts mutants vcan be gpecifically characteri-

zed, and (b} the relative stability of these ts mutants can be ascertained.
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In the case of several mutants (for example Ni2068), Che later studies show » :;F

differences in the Q values which cannot be explained either as a result of

P
i

PSR Ry T T TGS T
B G it

non-linearity of the standard curve or as & statistical error (Zive leaf dises

.v i R | of 13 mn diameter containing20 primsry lesions). In these cases, the dena~ ]
3 E turation temperatures (see Kauzmann, 135L) probably lie in the vicinity of 2% ”
o so that small variations in conditions during virus cultivetion sre substantially |
:% magnified. |

t

The most- important results in Table 3, colums 1-7, 1%, and 1k are as

& 3 foilous:

7 R -

] ‘ - § (a) More than half (1L 2ut of 21) of the mutents specified (the selected -
‘ ) i mutants of series 249e. are not included) are $s. In comparison, the four :

; ‘ wild strains studied, namely, vulgare, dshlemense, HRG, and U2, are &r. f
; - ) {b) With the exception of the spacial mutants Ni25...., which were selected

against this characteristic, infectivity was displayed in all cases st 32°C on ~

.. L
4 | the primary infected leaf (diatinci ¢chlordsis on Samsun leaf or positive results . .

1 . . for the tests described in Ssction B.IV.2.). These results show that the tem-

_perature-isef:sitiv:i@ step can be neither a p'iimary process of infectiop nor s

B i R
.
.
"

step necessary for the intracellular synthesis of infectious materials,
Definition: t3 mixtants, whoee infectiousness at high temperatures in tissuas

is displayed, should be hereafter described as ts mutantz cf class I ( E_s;;-_,-:}.

A (c) Of the sixteen ts-I or def mutents, omly three sre no% typical yellow
- strains: Wi 116, Wi 118, Ni 2063, However, Ni 116 and Ni 2068 sti1l beleng to

relatively ctabvle is-I strains. Moreover, up until now, nc sireng vellow steain

Lt gy

has been found which is not ts. On the other hand, beiween one other charac-

SN WER AR bt ok abt et APl B0 S a ke A w4
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teristic of TMV mutants, namely, to show necrosis on Java tobacco (Melchers, 19L2;

. table for mutants used here fram Witimamm, 1952, 196L) and the is behavier,

no significant correlation can be showne
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.‘(d) A1l of the #8-T mutants have at least ona amino acid substitution

i their shéath z;rotein as com .red to their AE_:_‘_ parent strains. (Protein-
chemic;i aata in *i’.his case are the pgbers byﬁit‘hnam, 1962, 1964; Wittmann-~

: mobeié' ot ale 1945).. This com‘.l,ation; howevsr, doos not appesr to hild true
for mﬁtaﬁt"s N 4 511 and Ni 606 which heve been described as "not naving any
amino acid substitution as campared to A 1L".(Wittmann, 1962). According to

7 electrophoreti¢ investizations 6n,iptact virus particles, these mutants have

a su})sti_;bﬁtim of the type: amino décarﬁoxylic acid—> amino dicarbexylic acid
améi,; which cannot be detacted after h@rolysié of the proteins (v. Sengbusch,
88). o ’

{1, Yariastion of The Host Plant

.~ The host range of TMV is extendad over many plant families (Holmes, 196h)..
‘As 3 resul¢, one can differentiate betwgen thé host-specific and the virus- 7

" “spacific characteristics by vaxjing the host plant within a8 wide a range as 7
Fossible. In a general study, the host plents Plantago major, Amaranthus

‘ p@zﬂcnlatné; and Tunsria anma wers employed: Columns 813 of Table 3 shew

. that generally when a TMV strain is ts on tobacco, thea it is usually ts for
these other three hosis; when it is tr, then it is 3r fin the other three hosts. - o
The exceptions are: Nf 109 - tr on %obacco, ts on Amaranthus and Lunaria;

reflavescens - ts on tobaccc and Amaranthus, tv om Plantago; Ni 1196 - tr on '

on Piantago, ts on the three other hosts. : : - ;

—newn

3

- 1

’ 4

I71. Prcol for The %thesis, That The ts-Characteristic {
of a8s 1 ¥ 8 -A defect ai’fectﬁ_}g Maturation

. Formation of Viruas Rods.

£ AT IREAGLATY, S Tiones

For: the difZerent studies, electron microscopic checks were carried out -

a8 descrived in Section B.IV.3. It wes found thatvrulgare produces considerably
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. then, at least in the gase of Wi 118, no effect which would explair the tempera-

12

corcentration at 32°C to that at 23°C is significantly higher thac the ratio
of infectiousness at 329C %o that at 23°C, This indfcates that t.hej rods formed
at the higher temperature have less specific infectiousnésé ( see Lebeurier and
Hith, i96h)¢ At 32¢C, ¥ 118 produces ¥ 14, reflavescens 2 5 %, the quaniity
of rods formed av 239%C. At 309, U 2 produces a quantity of rods comparable %o
that of vulgare, whereas Ni 118 produces< 1 ¥ .arld flavmn <S5 £ the rod conw
centration groduced by vulgare. These observations made or the three ts-T
mutants and ‘tha two wild strains led to the conclusion that in the case of the

ts mitants, the formation of rod-like sheath protein aggregates is temperature
dependent'.

2. Temperature Growth Studies,

'

(a) Pre-Incubation at High Temperature,

If the temperature defect were due to an indirect influence on the host -~
cytoplasm, for example, the accumilation of metaboli;: products wnich inhibit

the bicsynthesis of certain TMV mutants, then a pré-incubation of host plants

at high temperature should alsoihave the 3a;ue effect.

Scven week old Samsun plants were held at 239%C and 359 in climate chambers

(continous illumination). After the sixth day, there were inoculated with a

0.1 € Ni 118 virus suspension as in the test for temperature sensitivity, incue
bated for two days at 239C, and then extracted and tested as described. The
extracts of the plants held at the high temperature were compared with the con-
trols in concentrations of 171, 1/5, and 1/25/ The conten’ of infective agent

of the plants held at 35°%C ys, that of the plants held at 23°% was Q = 0,77

+ 0.125 {twelve values from three different sample pairs). The heas treatment bad

ture behavior of these strains on the basis of 3 persistent inhibitor material,

more virus rods at 32°C than at 23°C afier L to 6 days. The ratio of the rod -

]
3

, ,
BTG ek 5 Ay VY % 7 S5 LD et ]

PROTRLFReECER PV

L e wR At

SYNTY

PTRETENY I,

CRIRERIIR A s P

v s A A A 2 AR AT LT

o b T BRI A e A A R e MR e s ok




- - —— - e PP P Mheatt Alatuand
4 o 4+ \_ - - - - - - 4+ tL'o - t'o 0 / o m
{ 4 + 3 T - - - - + o'l - - 0 / gn |
I _# + 4 - = + 1~ - - + 01 uo - v 1] wopyop
I . ] ) 0 100> + 100> - 0 - ' ~~ 0 0l 6IS8N |
(i o o ¢ 10> + 100> ~ ] -~ %0 - 9 o vIsasN "
A, / / + o1 + <0 (+} 1< + ol< 09 - ] ~ 1 RECIIN
15°p/n + + - - - - + i0'e + GV 100> -~ + +§ 6033N
I »p + + +  ‘jop + Jop - - + = (ppP)r> - - 4+ + 1 FO33 W
] . + o+ + co'0 + €00 + 01 + - 100> 90 + + | vsIIsN
. 44 + +) - - - - + 0% + - 0't o1 0 + 1 QI N -
I n + 4+ - - - - - - + - -~ 100 ++ +] coowN
1 n + + - - - = + 100 + - 100> 100 44| qF| 909N
I n + + + 100> + 20 - - + = 10'0> 200 ++| qt{ rIow
w o + 4+ - = 1+ g'o> - - + - 100 %o + + 1 sersy
4 +  (+) + 80 + &1 + o1 + - ¢ 21 of o+ ny
1 n + o+ == + 100> + 8 + = %0> we> ++ + | eoym
1 n +  + - - T AL + = = ¥+l 4] e
I o +, + + 100> + 100> - - + = 100 o> ++4 + | wmag) |
w n +' + - =1 4 gg0o> - - + 00> 10 g0 ++ +| 9rrdo _
& +  (4) - - — - - + - o't 0'1 0 + BN
w n o -+ - - - - - - + ™o 0 01 g8 +1 ss0se
a +. (+) - - - - - - + - V'l 9t 0 +1 36 !
. 1 ® + 4+ - - - - - e + - 200 ¢ + + | 889IIN
o + + io'o> + 100> +  90' + - 100> 100> 0 +1 SN
4 4 + T o0 100> + 10 - - + - o't 0’1 7] 1 eI
I 4 + + - - - - 0 ot + - 0] ¥ 0 0| oorN
goal P E Twe| Tee| 2| T g & oLf| 2| B
. - 4 .Q - — - /
w 4 + + 0 o1 + 9% o &1 + 91 ot 31 of 0] vima
&1 [24 (14 ”t i 14 144 114 [ ] ] | ] ] 4 = [ - a.s-
. - . . . ¢ - ° [-4
ol 41 . - Iy TS 1o 4 ...m_
m m 9'.;?& atd VN PR U 026 a8 0 Dot Ay a w..wha.NPm.‘b‘ & \ f:nr:m m HM,
Q| M Rov v Weybusg Swrrduig Suxydaig by sonaklz % 3
. C ] Isas ounyys 2’y 2
hrocas ok - : S d’ liél--..,'l.\'. m‘ mu -qbzcbuss
XM Aettving  NOLLWY D VIYNN v R &ﬂuﬂc. AR P Bnlamd
NSV Nolidagey] VIR | SRR GaTIY 4 (G ..S..ux%i_ ¥ m\ NIGasg:
, 2Oy Y- KW &
AZETES AT, HO oWuY3ay Ianiaadnal, 5

t

s SINGiny, reu. 9% M Shieas QUM § 3% Ssmawag L SYwauITews) 'S ITeVL

i

‘¢

.

18 ey 4 o Bt s Y e s o

S o e h bamisr A oo e 3 g

A Bt (v . 42 SRt A N yimaave £t AP

~ - ———

e — e, e <t

e X Aty an




ke

Tegend to Table 3

The property over each column is given for the strain in question using
the following symbols: + present; O absent; -~ not studied; / not definite.

rne protein-chemical data in column 2 are date from the papers cf Wittmann,
1962, 196k, and Wittmann-liebold et al., 1945, Column 3: most of the descriptions
of symptons were from the papers of Wittmamn, 1962, 196l. '

b Substitution found by electrophoresis of the complete virus (V. Sengbusch,
1965.)

Column 1: For the genet’. origin of the strai;z, see Table 2,

Column 2: Amino acid substitation in %ne sheath protein as compared with the
T parent strain. '

Column 3: ++ strong yellow

=== (example Ni iSB), © no yellew symptoms.  The distinct primary chloroses
and the yellow area on sprouting, secondarily infected leaves are

typical of the yellow sirains. N 2338 shows primary necrcses on
Samsun tobacco.

Column L-6: The quotients given are those obtained by the half leafitest for the

T infectiousness of the 32¢C sample/infectiousness of the 23°C sample.
Study conditions: two leaves were cut from 7 week old Samsun plants
which had been cultivated at 23% for four days under continous
illunination, They were rubbed with carborundum, inoculated with a
0.1 ¢ virus suspensicn using a glass rod, and immediately washed with
water. After 1 to 2 hours at room temperature, the plants were
placed in the climate chamber. They were incubated in the case of
Run I for four days and in the cases of Runs II and IIT for six days.
In Fun IT, the plants were not placed in a climate chamber but were
held in the green house at 20 - 25°C vnder contincus i1lumination,
Concentrction of the extracts: ITn Run I ca. 30 mg/ml and in Runs IT

and IIT, ca. 6 mg fresh leaf material pe® ml tuffer. For details R
see text.

Column 7: + either symptoms clearly seen on Samsun tobacco at 32°C ( as observed
- in most cases) or positive according to Test B.IV.2.

Column 8-13: Q values as previously defined. Inoculation as above. The synptoms

T that developed were alyays obtained from the same leaf which was also
extracteds Plant ages: Plantago ca. 10 weeks, Amarsznthus 3 weeks,
Lunaria 6 weeks. Incuba¥ion times: Plantago and Amaranthus L days,
Lunaria 7 dayse Instead of five leaf cuttings as with tobacco, the
entire leaf cutting (5-7 cm long) were extracted since significantly
fewer primary foci were found in contrast to tobacco.

. Column lh: +: tr and no amino acid substitution in the sheath protein or ts with
a substitutior; (+): tr vith a substitution; O: remeining-ecmbinstiens.
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symptaoms (example is flavum), + distinct yellow symptoms |
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Legénd to Teble-3, Continued : -

Colunn 15: +: ts and yellow strain or tr and no yellow strain, 0: remaining
~ conbinations.

Golumn 16: &s Q £ 0.5; tr: Q > 0.5 (in most studie#); its Q515 def: also at .

low temperature significantly less infectivity sroduced than with
vulgare. See text.

Column 17: See texw. .
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were inooulsted with the following virus suspensions (without carborundumj:

solutions would contain about 3 mg of fresh'leaf material per ml. These solu-

(b) Post-Incubation at High Temperature.

1? one permits the plant cells to synthesize virus at low temperatures
and then transfers them to a hig?xefr temperature at a time when sny additionsl
increase in the number of viruses would be quite small, tren a conclusion can

be drawn on the basis 6I the virus %iteré obtained as to the 1ntrac.e11ular

stabiiity of the mature virizs particles. Included in this study also was

Ni 2519 which does ndt belong to Class T.

Thrée leavos were cut frrom"each of four 38 day old Samsun plants and

AL G SR

vulgare, ¥i 118 « 0.1 € viras suspension in phosphate buffer, Ni 2519 -
homogenized leaf material in vhosphate buffer. The plants were kept in the

green house for nine days {55 % of the time: temperature £ 259, kS & ofitheve

Yima s temperature > 25° but < 3060). Two plants were extracted as controis

et

-

while the other pair was held for six doys at 329%C in a climate chamber and then
extracteds Extraction was carried out as described in Section B,IV.l., except

that the samples wers diluted 20-fold in the gsecond step sc¢ that the final

1 She dasrfie {0he ORI G2 LB MMwlrﬂMWTWW;W
Bl A v oud Lrvis Y ad b N

tions were further diluted 1/5 and 1/10 and tested in pairs (heat-treated vs.

iy

controls). The following contents of infectious agent were found: %
Vulgare O = 1.1 + 0,15, n = 25 g ?

Ni 118 Q = 0,57 + 0,09, n = L ] ;
NL2519 Q=1+ Gk, n=3 i

In contrast to that of vulgare, the Q value of Ni 118 is significantly i

lower but not s low that it explairs the walue of Q <0.01 found b;y the test :

for temperature sensitivity (C.l.). The ts behavior according to this is not a - ,g

" consequence of the decomposition ofkmature virus particles in the cell, Under - g

these conditions, a similar study with _flav__u_ql_ could noi; be carried out sirce ' :"}
the leaves decay duvring the loﬁg_ ipcubation period. AKassanis: (i9§7) ;’nas sim;:wa o . }

Mean + standard deviation, n = number of parallel tests

e e e e —
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- hci:ef;er',"that with the yellow strain, Tomato Acubs virus, which one must place
N in c}.ass ta-T based on his information, t.he intrace&!mlar stability of mature
- virus particles at\temperatures where no new virus particles can be produced,
is maintoinnd. The Q value of Ni. 118, uhich is less than 1, can be explained

i‘rom 2 co’nparison with the behavior of vnl_g_a r= in two ways: (2) The virus

o ———

part cles,,-‘ Both strains arée decomposed 3 lowly at high temperature but vulgare
7 canpensstes for this degradation by new synthesis. The findings of Kassanis

(1957) sxmport this possibilit},r; (b) At temperatures over'259C, the Ni 118 virus
partieles uhieh are synthesized are more labile than those of vulgare. This
possibility is improbable because of the extremely high in Ii.f.'l'f_ stability of

Ni ~118 particles synf.hesized at fluctuating temperatures.(Part II, C.VI.).

In 311 the cases, it was shown 7thét eventual d;fferehces in the stability of

}i e 3 " mature virus particles cannot be the cause of this, and that ¥illS produces

} = :"' F significanily less virus particles than yulgzre at 32°C. The same holdsitrmes

| - :2 for NMi 2519. Since the maturation is not ts, prehaps this expains the furtner
i 3 _ maturation of virus particies in Celld infected at low iemperatufe in the case
E 3 ' of Q values greater than 1 (see C.YIT.2.¢4 ) .

| B ' (¢) Temperature Shift during Propagation of Infection -
.-: (a%) N 2519 on Xanthi Tobacco, shift from 23%—» 32°C. Fally grown

E . . Xanthi plants, cut down to four complete expanded leaves as in the infectivity /
test, were inoculated with a diluteé homogenate of Samsun leaf material infected
with Ni 2519, and vere then placed in a climate chamber at 23°% under continous
illumination. At various times, the plznts were placed at 32°C and 2k hours lster, .
-they were moved o the green house {20-25°C) for 'development” of necroois. Rine ‘

daxs later, the recrotic lesions were counted.

Figure 1 shows the rumber of necroses plotted as a function of the time
post~infection of the shift from 23°C ©o 32%C. The nmumber of necroses tegins to

incresse Sharply between the 12th and 16th hour post-infection. The point o

e R s o e T TEECTETHTERRERRRE ~ &
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© “the iﬂitibtiou* of lesions is still inhibited by high temperature { > 12 hours .-~

post-infection) is so late that on2.must assume that the ts step does not in= °

§olve the ;;rinary processes of infection (penetration of the virus pariicle,

" release of the BNA) but rather a later, intracellulsr, virus-specific function.
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Figure 1. Ni 2519 on Xanthi tobaccos. Plot of the number of -

_macroscopic lesions as a function of the time post-infection
of the trznsfer 239C —» 329C. After incubation at 32°C, the
plants were held in a green house at 20-250C for "development™

of the lesions. The large lesions are wild-type cortaminations. -

’

(b') Ni 118 and Ni 2519 on Samsun Tobacco, Shift from 32°C —x sa, 20°C_

_ Semsun plaitts were inoculated with 0,1 4 suspensions of Ni 118 aand Ni 2519 zacdes-

crived in Sectlon-C.le As controls, Xanthi plam;s were inoculated ;ith the same
suspensions., The Samsun plants were smeared with T!W-ﬁxigare antiserum (titerA
128, diluted 1/10 with phosphate buffer, pH 7.9).:c3. axe hour post;infecf:.ion
and were held at 329 (c;)ntinous illumination, 95 ZEreiative huridiiy). After

’

15 mimites, the antiserum was was}'zed away with water ard the zero-time plaonts

were placed at 20-25% for 8 hours in & green hicuse. Two other groups wore
placed in the green houss-for 8 hours at 329%C. after the 12¢h and 36%h hour

- post-infaction. All of the pla}xts were exposed to indirzut Gaylisht during the

8 hours in the green house. The control plants were 12f1 up o Lk hours post-

infection ot 32%C. Pifor to extraction, leaf msterial wus codled to LOC. The
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. éxtraction was carried out as descrited in Ssctfon BJIV.d. /1 and 1/16 dilue

) tigpé of the extracts were tested on Xanthi plaents.

N
-~ TN

" thown in Figure 2 % the infectivitios that remained. In the sase of the
short~pariod pestoincubation at low temperature, there deveioped on ﬁxe leaf
inbcbléte& with N1 118,35 large mumber of stable viruses at the higheﬁr tempera-
ture, withcut production of the virus perticles as the controls shewed, This
indicates, fherefore, that, the defect of Ni 118 is only a defect in maturation,
In the case of Ni 2019, this rapid incrvease in infectiousness was not otserved
when the temperatvre was decreased, According to Section CJ‘II.Z.c.a', it is
assumed that tfxe irfactiousness can generally not be displayad in tissues at
high temperatures. The fact that high infectious virus nreparations were em-
ployed for thesé studies is shown by the > 1000 lesions per leaf that were
observed on the infected control Xanthi plants,

400 b=
N : 0} -
uzggmj»:z'c»-w‘c
N 18
/I‘.?WP M25ID:a Konirolie: 32°C
o
-3
-
-
2 200
o
»
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9 2 3 _4

Tiwme Oémnst-w (\bu‘?}_é‘osr;‘ixu‘-;c;;tu

Figure 2. Ni 118 and Ni 2519 on Samsun totacco. Piot of the
rumber of viruses formed at 20°C after 8 hours against the time
of transfer 32° «» 200C, Controls: plants ex.racted with pre-
viously being transferred vo 20°C,

IV. Lablle Infectivity (RN.)

These studies were designed to show whether or not ts mutants accumulate
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% = ) RNasze~sensitive infectivity atl high temparatures. According to the resulis of - AT
Z4 Sarkar {1965), the test is most effective when used with a short incutation - L )
| tine. ’. S B
S - . R i ~ ~ Eﬁ
7 Six week-0ld Samsun plants were inoculsted 2s described in Section C.1. ) - 3
N L 0.1 > - A ;3
§ . with vulgare, Vi 118, Ni 2519 (.{1 % virus suspension ¢f 2ll these) and ) . %
§ Ni. 220L leaf extract in pnosphate buffer, pH 7. - \ - - %
% The leaves were washed immadiately and treated 30 minutes later with vulgare ; ?
g i ‘ 5 3
; antiserun on @ cotton swab (initial 4iter: 128, diluted 1:15 with phosphate . ﬁ
1 : : g = 5
;. 3 buffer, pH 7). After an additional 15 minutes, it was washed once mors. Twd ER
. 8
: . B hours later, two plants per each strain were placed at 23°C and 35°C in climste % 3
L. 3 chembers. Al the same time, 10 leal cuttings from iroculated eontrol plants :; E
. . 3
A were frogen as zero-time controls. Afier 50 hours, the plants were extractal g ”:%
E, 1 g 3
Y "'/.«' N § R,
. agsshown in Scheme 1. § %
= SCHRAE 1 i
% :
: Extraction of Leaf Material for RNA Detection § .
| 7 {10 cuttings, 13 mm dismter from 2 lesves £
‘ . fce bath + spatula tip of carborundum %
? + 2,0 r;l buffer "N¢ g 3
§ 4 ¥ §
10wl 1.0m ;3
+ 4,0 m1 bufler #7P° + 1.0 ml phosphate buffer, i
‘ + several mg benionite pH 7.0 i
b ogec, 2w i 20°C, 2 Br :
: R ¥ :
f: : 1,0 mt 3.0 M1 % T
; + 1.0 rl phosphate buffer + 5,0 ml vTP"
; + 3.0 ] wppw i
{
i : ¥
: ) Test ¥17 against Test "
% :
3 ;' e e e s e e . e R RTINS
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(If‘ contrast to all the rest o}t the studiss, no chloroses were seen on the

plants inoculated with Ni 2519 and incubated at the higher temperature.) '

As test plants, yoamg\(8 week ¢ld) gc_a_n_t_ﬁ_i plants were employed whose leaves
werge thinly coat:ad with 3 1:1 mixture of bantonite aid qarbomndtm (Sarikar,
1965)s -The "T" and "P* samples for the same incubation temperature were.

cornparéd by the halfeleaf method. Latile infectiousness should be present in

the “I" sample, but destroye2 in the “P sanple. by the lesf RNase (quotient O=

infectiousness of ™"/ infecticusness of "pT % 1)e Table Lk shows the vilues
found, These sve ths means of two Q valuea determined with incependent same
ples from six leatl'nalveé each, ‘

Table ;3 °

T-bile Infectiousness (RNA) at 239C and 359C

~Zero-tins Sontrol . ‘Leglons per hall
Strain  lecicns per half Incubation leaf for sample  Q (npm/npn)
. leat - ~ %emperature wpe
. On 10e v 500 : T . P
vulgm 1 23 ) . 5008 W (ol
— . o¢ 10 v 700 o

3 7000 v 0.7

' 230¢ v 500 . ~ 0.7
M na 6 P/ - 10 1.7 + Okt
—_— 23%¢ 4 17.7 + 2.5
N 22 5560 5 8.2+ 1.0
< .‘51 23°C 105 0.8 : 003
M 519 350¢ 22 3.2 + 1.1

According to Sarkar (1765), this test is approximstely 20 times less sensi-

" tive for labile RNA than for intact virus vhen similar particle rumbers are

,compared. His L, the mumber of lesions remsiming, Ly for the "™ tuffer extract,
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Lp forr she chasphate Wuffer extract is then Ly = av + a/2G N, and- I:p av if

VY and N are the ccacentrations of virus particles and mxcleia acid respectively. -

»
3

a is the "plating efficiency" of the virus. Thus, 5t follous: -Q f-‘Lt/Lp* = o
1 +1/20 N/V. If an error of + 20 % can he assumed for t};e’ quoﬁent _then }I/V~ S
must always be greater' thon b 4n exder to meagure 2 Q of .. The test. wﬂl shot: LT
only a large excess of labile RNA when intact viruses are also oresent. - ‘ :

Considering this methodological restriction, ;’.t can\be concluded that ( a} o
Ni 220L accumulates labile RNA at high and low péxiiperatures, but mor_ét at the -

low temperature: At the same time, this finding confirms .tm presencé of real )

labile’ RNA under these test conditions. fb) If the 359C Q-valus for N J,:-ihdc}'x S
is greater than 1, is actually valid, that is, free R!{A is presen_t,lthen t-he

RNA sontent cox_'respohding to intact virus is at the very least seversl times -7

)

smaller th3a that of ¥i 220k at 350C. (c) The same holds true for Wi 2519, T
Hrwever, in this case, thefci) value, in :e;ntrs_est to that cf M 118, ié clesrly ) - B
much g‘reetef than 2 suggesting that t;bere Ais pro‘ba'bly on‘.'.y a .weak acoumulation

of labile infectiousness at the high tem?ergturé. Aside fromAt?:ed question of - o
lz2oile RNA,.the studies show that s and c_l_e_g behaviar by the :nu‘ésn";s‘ Aé‘s« 5;0;1;-_‘
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gared to the vehavier cf vulgare is also evident after 3 very short- incubaticn

zoriod, a fact that serves as ancther reason for the small Jeval of 11fa>tions-
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ness as > 309C in the case of these mutants in addition to those gi-renin
Section CoIITe2.be

A

V. Detsction of Defective Sheath Proteins in P.ants Ce

Bssed on the hypothesis that the clzss tc-I mutants produce »o stable virus

_or very reduced .uantities at high temperatui‘es because af the coﬁfornatio.{ 02‘ -

NI ey

their sheath protein subunits is themmal-labile, it can be predicted tr.at “the e 7 E

{
o

e L

"infected plant cells should contain at high temt,eratute considerable auantities

- e

of shezth protein polypeptide which is similar to ‘chat of thne wild strain vulgar: ] T

\
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tut in 2 different conformational state. This prediction has been qorf;.gqu E

) with the ts-"‘ matants ¥i 118 and flavum, o h

L ) Vith vegard to the technical accomplishmernt, the following mport frnm
; \ prel;&fsinary expeMents was decisives {a) The defective protein camot be Cee-

tecteB serologtcslly in supernatants obtained by low-cpeed centrifugation o T

extracts (pH 7} obtained from infected plants. (b) If pH 8 extracts are ob=-
£ained wusing sulfhycryl (SH) protection and then dialyzed to pH S after removal

of particulate, eellular-derived particles, no rod-shzped aggregabtes can be

observed under the.electron microscope. (c) NMi 118 virus sheath protein, which

bas been denatured at 300C and precipitated at pH 5 (see Part IT), will ne

iong’er’go into solutionsin aqueocus buffers. \ngeivez‘, it is easily solj;bﬂiged‘ *

in 67 % acetic acid or in 610 M urea at pH 2 7. (d) If on2 exXiracus Reaf ) _ﬂ A §
tissueé homogenates directly with 10 ¥ urea at ‘pH 9, and dissolvas 7—'7thc vires - : . g’%’
. theréin, then the viral sheath rrotein cannot be detected by pol«acrymmide T %

) gel electrophoresis (sec Section B,IV.S) although virus alore in *0'.!{ urea . - _ .
.'gives: a 'i:afx::lc Cften, alkaline urea solutions extract from the rlant a2 sub- - %

_staitce to which the virus protein has been adsorted. This effect is not -
’ ac}xieve@ if ‘one extracts the plant tissues with &7% acstic acids and exchanges

this solvent by dialysis of the proteins against urea.

. The protzin extracted from the tissue must be made insoluble in aqueous A
buffer ‘by deﬁz}tn'ation and detected using a test which characterizes the protein

"“independently from the native state as TMV sheath protein. Solubility in agueous

fama e A

L Tl'-e extraction of infected plont tissues with conce'xtrated acetic acid for

|
buffer cen-te employed as an analytical criterion for the native state, %
2
the detection of jinsoluble TMV protein was independently carried cut by other 5

- authcz's (Parish ang Zaitlin, Virolegy, 30, 1966).




Six-week old Savnsvn pzants, ‘trimmed to four leave.. , were inoculated as

-descritad ia Section C.L{.. with-»a- 1 ¢ virus suspersion of vnlgare, N{ 118 and

- fiavum. Control plants were treatei in a similar manner with nhosphate buffer.
After 1.5 hours at room temperature, all the plants. were treated with vulgare

= antisemn (titer 128, dxluted 1:10 in phosphate buffer, pE 7) and subsequently

i
A3

‘ placed in a climate chamner at 309%C, 95-100 % relavive humidity ard 5,000 lux

intensity inmn'lzza_tiqn. After five minutes of :b’:eament, the antiserum was
washed -of? with water. Teawes from a‘v_iil_gareoinfected plant which was uszed as
a control for antiserum activity were hamogenized in piusphate buffer and the

homogenzate was tested on ¥anthi tcbacco. The study plante were incubated for

four days in the climate chamber., Because of a déficiency in the climatie

conircls, the temperature on day 2 dropped to 26°C for L hours. This did not,

T G P T S AN
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- hoveyefg inflvence the conclusisns drawn from these studies. The extraction of

Y77

-

the leaf materials was cairied out according to Scheme 2. 60 gm of leaf cﬁﬁ:bingé
- were always put into 3 £inzl volume cf & ml of vrea solution so thet 1 ml of
k‘ - -

3 the test solution contained the extract from 10 gm of fresk lsaf material.

For centrol purposes, Samgun plan'i:s wersg :;nc;'culat.ed with the defesctive strain

Ao TR e T e R ST g7t
. “

PM<2, b.eicl,for"é_ days in the fgréen house at 20-21:9%¢, 3rd then extrasted iu the

same Manner.

v
SRS S O

The following parameters were measured*

e

(a) Stable infectivity in phosphate ruffer extracts ( see B.I7.1.).

(b} Concentration of viral particles in phﬁsph—ate: buffer extracts {see

AR B W R PR R SR BN

B*Ivo3)0 .

{c) Quantity of sheath protein in the supermatant and in the sediment of 5
: ’ -
z ‘ phesphate buffer extracts (ses B.IV.S}. §§ -

S % The values that were obtained ave summarized in Table S, Figures 3 and & :

. S :‘ - . g ‘%
s show the results of the pclyascrylamide gel electropnoresis experiments. é
2 % %«,_
. % =
3 =
. - : I, _— %’
€ e * :
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“Scheme 2. Extraction of Leaf I-iaterial :tor Tre Detection of Defective Sheath Protein

B L Temperature O-LoC unl_ess otherwise stated.

T S B - {60 gr_n fresh leaf material |
~ =2 7 .+ 6,0 ml PP, hqnogen_iz:ed‘ for 2 min, 12 stages

¥ .
centrifuged 20 min, 9000 x G
. L - .

" Supernatant_ ‘ Sediment
centrifuged 30 min, 9000 X g + 30 ml PPT, )lleft 12 hr,
{very small sediment discarded) : © centrifuged 20 min, 9C00 x g
s 4 supernatans i S
cmb:‘med < N Sediment "M
X extracted with 67 £ AcBH 2 X with
dilute:l to 180 ml with PPY - total of ca. L5 ml; insolubles

" - centrifuged out &b $000 x g, 20 min

1Sup_ernatant nge )

electron R
precipitated with equal volume microscepy -
of methapol-ether. Precipitate -
centrifiged 20 min, 9000 x g. - infectivity. :
‘ b . - ltest .
: |Precipitate I ag"| - - ) {icOH Extrac’ "Sa
3 - .” extracted witk 67 € AcOR 2 X .  Ssupernatant dis—
| _ with totsl of ca. 20 ml; insolu- carded
E o tieszcertrifuged st 86 3000 x g -
2 3 ’ for Q min - ] )
‘,‘ ; .’L T - \Ba.dMn andl
B | \-: i‘ . ’j dia}.yzed sgainst 107> ¥ cysteine until he AcoH is removed
E . 3 s g';ysate ﬁﬁw"\ R l S {Dialysate "sn |
B T ‘: Dia}ysaie precipitated with methanoi-ether, centrifuged at 9000 xg
- for 20 min. Supema%ant discarded.
\?tecipitate II "m — l T o 1Precipitate ngn
Precipitates resuspended in UB; dislyzed for 12 hr at 20°C against .

UB, diluted t5 6ml, and inscluble. material, centrifuged out at
1000 x g i‘or 30 min..

TG in urea) R . Ié ‘ ’ 1"S® in urea | i

" - \-G_e} Elsetrephorests (ca. 10°)

v SOIut‘cn.. emp“loyed' PP7s F’XS phosp?ate buffer, pH 7, 1072 M cysteine, 1073 ¥
. EDTA. -AcCH: 67 % acegic acid, I0“2H cysteire. (Both solntions are suparsatura-
ted with cysteine ad hYG).- Ethana‘ioether. 1:1 mixture, 10~3 mercaptoethancl.
" UB:. 8 M urea in Aronsson-(‘:rc}maﬁ teffer, p¥ 8.8, 10-3M cysteine, 20 % sucrose.

R e R S SRS

o, o e man e Y e e e o e

AR

- o a7 At e -
e A ma -




! ) ) - wrvprs WA R TR ATACIA 40 3 b il m sNindd s Ul f
T I DT AN MR SN 3 e ATy 7 0 g A g RISt TR

m

. *paqlJIosep *UNL JUBIITITY ode q pue @ 4
Apeagye 250y} ale SUOTHTPUO) °*B € oandtd UL *Tu/8u T ‘sesnata woxy upejoxd id *8308I3X0 JdFINq
unoys ${ad Jo saAIND Jojsuojysued *ff andrd ojeydsoyd ey3 jo gqusuypes .fg ‘queqouaadns i ‘unx
aoy ST ‘yw of €~gf ‘A 002 ‘g°g Hd ‘soan K g
. *0gO€ %e pejequnout squerd 0008q0%} Pa3OIJUL=ANL
pue Lyjresy Jo 630BJI3%d POIBIJUIIUCD PTOJ-0T’
.,, Jo suaxejded oypjoxoydoaqooTy ¢q pJue vg °*3TJ
! .
B e P ol I
) S, L -d’ ' lﬂ.l.ul W- _Q _.m
b :
pf S
i ‘A !
L ' nol _¢
’ %
m veaer
. »‘&x‘ tti .
t ot ‘ [ . P, ;
.-.'m. D AN ) ]
Y |
lé} m f ..

oo _
o " .
-
.
o4 | .
weis
!
* w
- *
e RARAA A
@3t v e wewae s ww v P e ot ok e s -
- PSR 4 oy Aol §AApg 9 ‘oo - i 2%
¥ AT P, Ak . i 4 I~ & G SN
. ;
. v N ca 4 A
. . - .
.- . . .
- . t
R . - L. . . .
‘ -~ T R, SR W 3 e e —— 10 A0 GNP St P48 et ol . 3 et




4

A , *squetd Toaquos sys 07 0 9xeM sonleA TV
£30813X%9 8y3 J0J S34MO BYEWOQTSUAP BY3 Jopun Seogy Jo uo
*T = 8aedTnA 09 pexeduos se 89To19aed
“0JATYO M8F B pus SSWOSOQTX 0008q09 Jo xaqunu geoad e
5§ 00T e43 seM 9T ‘wnaery pue 8TT TN J0F oTTys eoxe

UT utagolg

00T aad 8pOX SNITA UT JUNOD OTOTIxBd  *JeaY TRy aod
_ wxﬁouﬁmamu q ‘91T TN 03 ToTTea8d 4 sexedIny  “ao3oey uot

4133euotqaodoxd pauzequoo
W 62°9 X 2 8 gen 1%
52°9 S2sen

UoESAT g sagsdina
ITIP X Jes Jrey

‘oxedTna Jo asso a4y ur

J0F_T2a3U0d suEq=oxey ‘
Tyguex xed suogsay ug A3¥ATq003UT

*sptyserd

Pa3UNod SpTaty oYl °*PTRYS
‘PEReE

*WHASTS 09

*utagoad oaedina Jo £973uenb Tenbe ue uzyy pueq xeducxys jeymouds g 88412 uyejoud umaielq "

ﬁﬁ\&Oﬁ teniea oInyosqe peqeugysy *
#%xL°0 Vg

0 1 ot v £~0T «5°¢ #1T 2-0T <€ €0T = 0921 umAag Ty

and™™

10 vs :

o 0T ~v =0T *5°2 T £-0T 2 0L = 0Tl STLLIN

; 1z BT

00°0 ng €0Tif ~o (O TAT AN 8

T ~va T T 8€0g T 80S2+65T  BIaFTAA
SRESTY Juay aToT4aed SpOx SnJITA ma 00T a8d  A3pAjjosgul Jeoar :ﬁaaamit

; w8 /3ut 9ATqBTax /Suoyseq 8AT3RTOY 8pOI 8NITA SATIBTSY  -FT8Yy/suotsel

ugsgoad Hieays  AL3y7at308jur o9TF1oedg Bl i3 A A31AT3007u]

-

‘
¥

!

B e e

2 A BRIV 2t n S it o SN 8 AY

s e 14 5 ety
o e v A s —— id

; AP
P o VF A A vy ik S e
O e U atadi s g ‘

000€ %e pajequouy squetd ovoeqoy pPa303JuUt Jo naonnpxo.aca uy sjonpoad dTFFoads-snagy | .m.oﬁnma

2 Mo B At O YA AL e A s




=28-

Table 6. Amcunt of visable protein precipitate sedimented after methanol-
ether precipitation and centrifugation as described in Scheme 2.

Fraction vuvlgare Ni 118 flavum PM 2
Precipitate IT U  ++ 0 0 +
Precipitate S (+) + ++ (o]

Text, contimed from Page 2k

The measurement of these parametefs yvielded the following information:

(a) The stable infectivity of Ni 118 amounts to ¢: 2 % that of vulgare;
the stable infectivity of flavum amounts to V'3 ¥ that of Qulgare.

(b) The infectivity found for flavum cannot be attributed to the inoculum
since it is ¢a. 100 times higher than that of the vulgare zero-controls treated
with antiserum,

(¢) The number of viral particles detectable by electron microscopy in
the case of Ni 118 amounted to v 0.02 ¢ that of vulgare and for flavum C.3 %
that of wvulgare,

(d) From a and ¢, it can be concluded that the specific fInfectivity
measured as lesions per viral particle for Ni 11 8 and flavum at 30°C lies about
one log hiphc. ..% of wulgare,

{(e) The total conterit of sheath protein detectable by electrophoresis was
of the same magnitude for vulgare, Ni 118 and fl2vum, namely, at 0.1 mg per gm
o fresh starting material. However, about 95 4 of the vulgare protein was_
found in the supernatant of the phosphafe buffer extract while appreximately
100 ¢4 of the protein of i 118 and flavum was found in the sediment. The ts
proteins thus exist in a different state in the tissues thon the vulgare protein:

in the form of rod-shaped aggregates, the vulgare protein is soluble in aqueous
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solvents whrereas the proteins of both the ts mutants are usually denatured and

therecy res~--~3 inscluble.

(£) ... - to the findings of Siegel, Zaitlin, and Sehgal (1962) and
the control stuc. 2, the.P¥ 2 protein is found in the supernatant of

aqueous extracts under these cconditions. Thus, non-functional TMV sheath
protein can exist in the rative state (PM 2) cr denatured (ts-I mutants at
2 309C) in the cytoplasm.

The tehavior ... . .rious proteins recovered by Scheme 1 ancd gel-electro=-
phorecis was aifferent. In the case of the last methanol-ether precipitation,
a distinct difference was apparent in the quantity of precipitated protein
btetween the different species as shown in Tabl? 6. Since the behavior of the
first three strains exactly parallels the electrophoretically recovered con=
stituents for viral sheath protein, then the conclusion can be drawn that the
reccvery according to Scheme 2 results in an overall concentration of viral
sheath protein as compared to the plant protein. In contrast to the purifi=-
© cation techniques for virus, X protdin (Takahashi and Iehii, 1952) and F¥ 2
protein (Siegel, Zaitlin, and Sehgal,'1962); this is independent of the native
state of the proteins. Concerning the absolute yield of this concentration,
however, no statements can be made. During gel electrophoresis, vulgare and
glgzgg‘exhibit well defined bands whose positions are clearly distinquished
as expacted from the distinct charge capatities of these proteins (Friedrich-
Freska et ala., 1946) (See Part II). Ni 118 prbtein (from the plant or virus)
exhitit2d a weak and diffuse band. PM 2 exhibits no band, hower- -
behavior during extraction, it can be concluded that the PM 2 proteii is loca-

ted in the supernatant fraction (for behavior in urea, see Part IT also).

VI. The Nature of Viral Particles Synthesized at High Temperatures

ot 77 £ R PRSIV AU AR AT e S 1R 87 T LR e S Srem
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1. Genetic Provecrties

Tre few viral particles formed st high temperature in leaf tissues infected
with a ts strain can be (a) selected-out ir revertants or tr contaminants, or
(b) may sti’l posses the ts genotype. These possibilities can be differentiated

from eacz other in the following manner: 1leaf materisl infected with ts

strains is incubated at the high temperature, extracted, and the extract used
to inoculate Ycnthi tobacco. Random samples of the few lesions which then
apgear are excised and each isolate is propagated on 2 Szmsun plant at high
temperature, The leaf material thus obtained is used for the inoculation of
Samsun plants for the temperature test (as in Section C.I.). During the pre-
liminary experiments, it was found that 9 of tPa 10 Ni 118 lesions obtained
frem 329C leaf material and 10 of the 10 fisvum lesions still possesed.ithe ts
genotype. The possibility could not be excluded, however, that a fraction of
the lesions originated from the residues of the first inoculations since in this
study, no antiserum was employed. On the basis of Section C.IV., this objection
is not nractical in the case of Elf!ﬂﬂ lesions which originate from extracts
from studies on the detecticn of sheath préteins. 20 such lesions were excised
and tested as described above., During the intermediate propagation ofi Samsun,
19 lesions demonstrated typical flavum symptoms, whereas one isolate produced a
yellowish-green mosaic. For the temperature test, a Xanthi plant (four large
leaves) wis inoculated per isolate. Two isolates were held as controls at 2l1-
26°C. The numter of lesions produced per test plant were as follows: after
‘incubation at 329C, 15 isclates demonstrated no lesions wiile S isolates had
one lesion each, Controlé: 439 and 236 lesions. All of the 20 isoclates were
thus ts. The small level of infectiousness remaining at high temperatures is
not the result of tr viruses that are selectively concentrated from the infect-

ious viral particles.
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2, Phen:. -acteristics

In this regar’. -n specific investigations were earried out. Friedrich-
Freska et al. (19i.. ihe following observations concerning flavum:

(a) The yield of viral propagation was < 5 ¢ that of vulgare.

{b) The feu flavum viruses that were obtained migrated more slowly in an
electric field than did vulgare in alkaline solvents. If one assumes that the
52f233 strain studied in those experiments is identical to that employed in
our investigations, as is indicated by the biological criteria and electro-
vhoretic behavicrs, then one must conclude that (a) the virsswas probably syn-
thesized at moderately high temperatures, and (b) the virus that was synthesized
had in its sheath protein the amino acid substitution (aspartic acid «<» alanine)
that leads to temper:zture sensitivity (Wittman; et al., 1965). In spite of the
possibility of temperature variations, one can conclude that at high temperature,
neither the genotypic nor the phenotypic deviations from flavum are concentrated

(ﬁurity of the inoculum and a not-too-long incubation time are assumed,)

ViI. Secondary Propagation of ts Virus in The Plant

The secondary propagation of infectivity without the production of large
quantitieé of stable viral particles can be observed best with the yellow
strains whose symptoms are very distinct. Mundry (1957) determined that the
probability of the expression of secondary symptoms of flavum decrease to 5%
(of the infected plants) at 32°C. This finding has been confirmed. In agrecment
with the findings of Siegel, Zaitlin, and Sehgal (1962) on the defective mutants
PM 1 and PM 2, he explained that stable viral rods are generally necessary for
the secondary propagation in the plant dbut not for the growth of a primary

infection focus. The somewhat more stavle reflavecscens strain (sa2e Part IT)

undergoes secondary propagation at 32°C, however, the secondarily infected

leaves, which are completely whitish-yellww, containCl & of the quantity of
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virus vhich is found in cerresponding leaves of vulgare-infected plants.

Relatively few stable viral particles are sufficient in this case for the

secondary propagation of the infection,

D. SUMMARY OF THE BIOLCGICAL PROPERTIES OF MUTANTS

I, ts Metants of Class T

The best studied are the mutants flavum and Ni 118. These are characterized
by the following properties: at high temperatures { > 30°C), none ar only small
amounts of viral particles are produced. Infectiousness, however, is displayed
in the lea? tissue, and a protein is accumlated whose polypeptide chaiu is
identical <o that of the sheath protein produced by the viral particle at lower
temperatures, The protein does not exist in the native state in the tissues.
Large.quzntities of free RNA are not accumulated. For Nf 118, it has teen
shown that the infected tissues, immédiately after reverse transfer to a lower
temperature, produce intact viral particles. The conclusion is that the single
temperature-sensitive function of these ts mutants is the maturation of viral
particles and that the mutation invdlved'in{these cases is located in the sheath
protein cistron. Ni 2204: this mutant produces at lew temperature in contrast
to its parent strain, A 1k, strongly reduced quantities of virus. In contrast
to the typical ts mutants, 1large quantities of free RNA are accumulated, at
toth high and low temperatures. Since it can be shown by means of in vitro
studies (Part II) that the defect of this mutant is still associated with the
sheath protein, then it still belongs to class I as does flavum, Ni 118, and
Siezel's defective mutant PM 2. In class I, therefore, there are mutants
which {under restrictive conditions) accumulated large quantities of RNA and

these that dc not.

IT. Ni 2516 and Ni 2519

Both of these mutants are ts, however, according to Wittmann-Liebold et al

(1965), no amino acid substitution can be found in their shesth proteins when
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they are comparad to the sheath protein of the tr parent strain, A lh. In
alkaline solvents, Ni 2519 protein migrates in gel electrophoresis about the
same speed as does A 1L protein thus excluding the possibility of an amide
substitution (Part II). In the 12'32332 test, Ni 25)9 protein is stable at
both 309C and 35°C (see Part II). Ni 2519 shows no or arrested symptom pro-
duction at high temperature, and at green house temperature, it produces
lesions on Xanthi tobacco which afe smaller than those of A 1lk. Since, accord-
ing to temperare reverse-transfer studies, the defect involves neither a

rinary event of infection nor the matﬁration process, then it must involve a
{emperature~-sensitive function necessary to the propagation of infectivity in
tissues., The mutation leading to temperature-ggnsitivity in this case does

not lie in the sheath protein cistron but in another cistron of unknown function,
which should be designated accordingly as II. Ni 2519 is thus {s-TT. Ni-2516

has not yet beensufficiently charscterized biolcgically. It appears, however,

to differ substantially from Ni 2519,

ITT. Ni 2338

This mutant is "inversely temperature sensitive" (225). Perhaps the sheath
protein is ts, but only at 350C. The symptoms and its behavior are dependent
on the host employed. In contrast to all the other mutant studied in this
report, it causes necrosis primarily- on Samsun tobacco. Since the necrotic effect
on the plant reduces the virus yield (Samuel, 1957), the its effect can be
explained as an indirect host effect and as such, will not be studied further in

this work.

E. GENERAT, CONCLUSIONS

I. Functions of the TMV Genome

vittmann (1962) found that in the case of the TMV mutants, which were
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nroduced with nitrous acid, certain amino acids in the sheath protein could

be 100 4 converted to a2nother. This proved that the structural gene of the
sheath nrotein in its active fcrm depends on viral RNA. According to the
triplet code theory, for 158 amino acid residues, there should be ca. 500
nucleotides. Since the total lengtﬁ of the TMV RNA represents ca. 6,500
rucleotides, then one would expect sane 10 to 12 additional structursl genes

for other polypeptide chains whoge intracellular functions have been described
in TMV replication (Wittmann, 1962). By studying ts mutants of TMV, at least
one such function has been detected which in the case of the ts mutant Ni 2519,
could be temperature~-sensitive (w1ttmanA-Liebold et al., 1965, and this work)
and perhaps another for Ni 2516, The mutants Ni 2519 and Ni 2516 were, however,
isolated after employing a spacial selsction procedure. It is still not fully
urderstood why all the other ts mutants belong to Class I, that is, are ts

with regards to the sheath protein, wheh so many other proteinsare determined
ty the TMV RNA. The following poss.hle explanaticns exist: (a) this effect

is a selection artefact in that under the conditions of isolation of the mutants,
ts mutonts, which cannoﬁébropagated in tissue at high temperature in contrast to

the ts-I mutants, are eithcr selectively excluded or through selection of sympto-

matic diversgent strains, certain sheath protein mutants are concentrated. The
secerd hypothesis at least zgrees with the yellow strains (see v. Senghusch,
19653. (b) The shezth prectein particularly has many amino acid positions which
can be mutated to cause temperature-sensitivity. This explains the high pro-
nrortion of temperature-sensitive mutants which possess an amino acid substitutien
ir. the shezth protein (16 out of 21). (c¢) In the case that both of these explana=-
icns-are not adequate, then one must assume that the TMV gename contains enly

2-l cistrons which ccde for protein.

£ Mk &
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II. The Intracellular State of Defective ts Proteins

Hr¥el and Bréak (196L), during their investigations into the hypersensi-

tive reaction of Nicotiana glutinosa, incubated flavum~infected leaf cuttings

at 309 and examined the tissues for chloroses slicited at high temperature
under the electron microscopes They found fine-structured inclusions in the
cytoplasm but no viral rods. This connot, as the authors concluded, be an
effect of plant hypersensitivity since the tr strain itself replicates well in
X .. glutinosa and also on Xanthi tobacco at high temperature (Kassanis, 1957;
Jockusch, 1966a). It is probably for that reasons that HrSel and Brédk were
able to observe the defective ts protein under the electron microscope. Their
findings were, in any case, in agreement with the data presented in this work
in that (a) flavum forms scarcely electron microscopically detectable viral
particles at 30°C, and (b) its proteins must exist in the form of insoluble
aggregates under these conditions. The relationship between yellow symptoms
and ts behavior is no longer surprising since v. Sengbusch could show using
_ Vittmann's mutants that a relationship between yellow symptoms and the primary
structure of the protein exists (this correlation can be developed further with
" knowledge of viral specific enzymes - Friedrich-Freska et al., 196L). The re=
lationship between both phenamena is protably to be found in the solubility

properties of the sheath proteins.

ITI. Reciprocal Stabilization of Protein and RNA in The Cell

1. Possible Stabilizing Effects of Sheath Protein on RNA

During the studies on labile RNA fram defective mutants of class I, two
behaviar patteras were found: (a) RNA was accumulated at 150-300 times more than
stable viral particles (ML 2204). (b) The infectivity was increased, but resulted

in practically no viral particles while the RNA was synthesized, if at all, to

ik i i
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about a 1C=fold excess over the srﬁall quantity of virus (Ni 118 at 35°C). The
possibility that in the second case, the TMV RNA was active as messenger RNA was
shown by the fact that it could code in the case of vulgare for sheath protein
that could be detected by electophoresis. High temperatures cannot be the sole
reason for the disappearance of RNA since Ni 2204 accumulates large cquantities

of RNA under these conditions. The capability to accumulate RNA in large excess
in the cell or not, when no viral particles are formed, is thus strain-specific.
Ine defective mutants, PM 1 and PM 2, accumulate it also under green house condi-

tions {Siegel, Zaitlin, and Sehgal, 1962). It is not unlikely that this capa-

bility can be dependent on the primary structure of the sheath proteins. In this"

case, a protein determined by a polycistronic messenger RNA would determine the

longevity o? the messenger RNA in the cytoplasm,.

2. Stabilization of Proteins by the RNA

During the detection of defective sheath proteins of the ts-I mutants,
Ni 118 and flavum, it was shown that at 30°C, the specific infectivity of these
| mutants, measured as lesions per viral part}cle, was about 10 times higher than
that of vulgare. Lebeurier and Hirth (196L) found that in the case of the wild
strains employed by them, viral particies were produced at high temperature which
had a strongly reduced RNA content. The fact that the wild strain employed here,
vulsare, had a smaller specific infectivity in lesions per rod at high tempera-
tures as compared to low temperature indicates that wvulgare itself behaves 1like
these strains used by Lebeurier and Hirth. Ochlen (unpublished) found with
vulgare that when it was propagated at 32°C, there was a decrease in the UV
extinction ratio, Epgo/Epgg indicating a diiinished RMA content. From these
results, the. different specific infectivities of ts and tr strains can be

explained on the basis that the sheath protein subunits in the presence of RNA




/./.
(=37-
are thermal-stabilized like some enzymes in the presence of their substrates.

Vulgare subunits, however, can still form their native quaternary structures

without the stabilizing influence of RNA.

IV. Employment of Temperature Sensitivity with TMV

Two possible applications for ts mutants are presented: (a) through
temperature variations, certain functions (for example, maturation of” ts-I
mutants) can be synchronized. This would facilitate kinetic investigations {p
this system. (b) Assuming that the polypeptide chain is not acetylated by 2
viral specific enzyme which can itself be made defective by mutation, thevcapa-
bility of ts-I mutants to producing growing lesions on Xanthi at high temperature
is a feature that can be easily tested far with.large numbers of viral clones
in order to detect mutations in the sheath protein structural genes.

'\;’t SUMMARY

Twenty-one mutants of TMV isolated by other investigators, five specially
selected mutants, and four wild strains (Table 2) were investigated with respect
" to their temperature behavior in the host cell. Of the 21 mutants, 1L were
. iemperature sensitive (ts) in the sense that in tobacco leaves at 329C, they
produced only a fraction of the stable infective material produced at 23°b.
Seven of these rmtants and all Lk wild strains were temperature resistant (Eg),
that is, they produced comparable amounts of infective material at both tempera-
tures. The pattern of tr and ts behavior is similar, but not identiecal, on three
other host plants. The 1l unselected ts mutants all showed spreading symptams
at 329 (EEiE mutants)e Eleven of them produced yellow symptoms on tobacco at
239¢ as well as at 32°C (Table 3)e ¢ )

From the newly isolated mutants, Ni 220k is designated as defective (def)

" becuuse low virus yields are obtained even at 23°C. Ni 2519 is designated as
35211, beccuse the spreading of symptoms is inhibited at high temperatures
(Table 3).
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The ts-I mutants, Flavum and Ni 118, the def mutant, Ni 220k, and the ts-TT
Ni 2519 were studied more intensively. It was found that:

(a) ts behavior is not caused by degradation of complete viral particles
(N4 116, Ni 2519 - Section C.IIT.2.b.)e

(b) The ts mutants are unable to produce rod-like structures (infective or
non-infective) at high temperatures (Ni 118 and flavum campared to yulgare, Table
5).

(c) ts-I mutants accumulate the coat protein polypeptide chain, but in an
insoluble denatured state (flavum, Ni 113, Figs. 3, k). |

(d) Wi 118 does not accumulate excessive amounts of labile RNA with respect
to virus at 35°C, but Ni 220L does so (Table h?.

(e) The Ni 118-infected plants produces large amounts of stable virus within
8 hours after being transferred from 32°C to low témperature 36 hours post—infectioﬂ,
but the Ni 2519 infected plants does not (Fig. 2).

It is concluded that with Ni 118 and flavum, it is the maturation of the virus
particle which is thermo-sensitive as a consequence of a mutation in the coat
protein cistron. This conclusion is generaiized for all ts-I mutants on the
basis of their symptomology and of the chemical analyses (Wittmann and co-worke:s)
and the in vitro behavior (Part IT) of their sheath proteins. The state of the
defective protein in the cell and the mutual stabilization of RNA and sheath
protein subunits are discussed. In Ni 2519, some function is apparently thermo-
labile which is necessary for the spreading of the virus infection in host

tissue.
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